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This invention relates te an optical objective, 
more especially for photographie purposes, cor- 
rected for spherical and chromatic aberrations, 
coma, astigmatism, fleld curvature and distor- 
tion, and comprising six simple components, three 5 
on either side of a dtaphragm, the inner and 
outer components being convergent whflst the 
middie comportent in each hall is divergent, the 
outer surfaces of the four convergent components " 
and the inner surfaces of the divergent compo- 10 
nents and of theconvergent inner components al1 
betng concave te the diaphragm. 
The invention of the present applicant'sco- 
pending American patent application Serial No. 
213,833, flled Match 5, 1951, ls concerned with a 15 
well-corrected objective of this type having a high 
relative aperture and wide covering power and also 
having improved correction for zonal spherical 
aberration and oblique spherical aberration, such 
invention having the further advantage that it 20 
makes it possible te bave diameters larger than 
are needed for the axial beam alerte in order te 
avoid the vignetting which wouid otherwise be 
0bjectionable with the wide angular fleld covered. 
In the objective according te such copending 25 
application, as also in the objective according 
te the present application, the sum of the equiv  
alent focal lengths of the tw0 convergent inner 
components lies between 1.8 F and 2.ô F, where 
F is the equivalent focal length of the whole ob- 30 
jective, and the artthmetic mean of the positive 
values of the radfl of curvature of the outer sur- 
faces of such inner components lies between .22 
F and .44 F. 
The invention of .such copending application 35 
ls concerned more especially with an objectivë 
corrected te cover a semi-angular fleld greater 
than 30 degrees, but the present application re- 
lates te a modification of such invention te give 
a higher degree of correction for the various aber- 40 
rations but with a smaller covering power. 
In. this modification, according te the presen . 
invention, the objective corrected te cover a semi- 
angular fleld net greater than 30 degrees bas 
Petzval curvature between .08 and .16 rimes the 45 
equivalent power of the objective, the terre 
"Petzval curvature" being used in tts usual stg- 
nificance te denote the sum for all the surfaces 
of the objective of the product of the curvature 
of a surface and the difference between the re- 50 
ciprocals of the mean refractive indices of the 
materials in front of and behind the surface, 
such difference being reckoned as positive if the 
material behind the surface bas geater index 
than that in front of the surface, whflst the 55 
curvature is reckoned as positive if the surfa.ce 
ls convex te the front. Expressed mathemati- 
cally, the Petzval curvature is deflned by the 
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expression (NI--N)/N1.N.R, where N 1 and N 
are respectively the mean refractive, indices of 
the materials behind and in front of the sdrface 
and R is the radius of curvature of the surface, 
the symbol  indicating the sure .of the values 
of the following expression for all the surfaces 
of the objective. The terres "front" and "rear" 
are used herein in accordance with the usual 
convention te denote the sides of the objective 
respectively nearer te and further from the longer 
conJugate: 
The arithmetic mean of the axial distances be- 
tween the outer surfaces of the convergent outer 
components and the inner surfaces of the adja- 
cent divergent components preferably lies 
tween .06 F and .17 F. The arithmetic mean of 
the axial air separations between the divergent 
components and the convergent inner components 
and the arithmetic mean of the axial air sepa- 
rations between the divergent components and 
the convergent outer components preferably each 
lie between .01 F and .1 F. 
The arithmetic mean of the positive values of 
the radfl of curvature of the inner surfaces of the 
divergent components preferabIy lies between .11 
F and .25 F. The outer surfaces of the divergent 
components are also preferably concave towards 
the diaphragm, the radii of curvature of such 
surfaces respectively lying between F/3 and 5 
in the front hall and between F/2 and  in the 
rear hall of the objective,- . 
The arithmetic mean of the po,itive values of 
the radii of curvature of the outer surfaces of 
the convergent outer components preferably lies 
between .16 F and .3 F. The inner surfaces of 
such outer components are also preferably con- 
cave towards the diaphragm, the radii of curva- 
ture of such surfaces respectively lying between 
F/3 and 5 F in the front hall and between F/2 
and  in the rear hall of the objective. 
The materials of the various components of 
the objective are preferably such that the arith- 
metic mean of the mean refractive indices of the 
materials of the four convergent components 
exceeds the arithmetic mean of the mean refrac- 
rive indices of the materials of the two divergent 
components .by less than .10. 
The accompanying drawing illustrates a pre- 
ferred practical example of objective according te 
the invention and numerical data for this-ex- 
ample are given in the following table, in which 
RR2 . . . represent the radii of curvture of the 
individual surfaces of the objective, the positive 
sign indicating that the surface is. convex te the 
front and the negative sgn that it is concave 
thereto, DD .... represent, the axial thicknesses 
of the various elements, and.SS..  represent 
the axial air separations between he compoaents. 
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The table also gives the mean refractive indices 
for the D-line and the Abbé V numbers of the 
materials of the various elements. 

Equivalent focal length 1.000. Relative Apcrture 
F/4.0 

Thickness or 
Radius Air Separa- 
tion 
RI =÷. 2421 
DI . 00 
R =÷. 5507 
$1=. 035 
R =÷. 5000 
D2=. 030 
R4 ffi÷. 1692 
S =. 029 
R =÷. 2857 
D =. 030 
R6 ffi ÷. 4425 
S=.00 
R7 = -. 7143 
Dr =. 030 
R =-. 3788 
$4 =. 032 
R ffi -. 1953 
D=. 030 
Rz= -. 83oe 
S=. 030 
Rnffi -. 9091 
D=. 
R=--. 2421 

Refmctive 
Index 

1.6570 
1.6258 
1.6910 
1. 6910 
1. 6205 
1.6570 

Abb V 
Number 
35. 7 
54.8 
54.8 
36.2 
G0.8 

In this example, which is corrected to cover 
t semiangular fleld of 25 degrees, the diaphragm 
is located pproximately midway between the 
surfaces P and RT. All six components of the 
objective are of meniscus form with their surfaces 
concave towards the diaphragm. The Petzval 
curvature of the objective is .124 times the 
equlvalent power of the objective. 
The equivalent focal length of the convergent 
front tnner comportent is 1.082 1  and that of the 
rear tnner comportent is 1.126 1 , so thaç the sure 
of these focal lengths is 2.208 F. The arithmetic 
mean of the positive values of the radii R5 and 
P is .3322 1. 
The axial distances between the surfaces 
and R, and beçween çhe surfaces R9 and R are 
respectively .125 F and .110 1, s that their arith- 
metic mean is .117 1 . The arithmetic mean of 
the two outer air spaces S and S» s .032 1 and 
thaç of theair spaces S and S is .030 F. 
The arithmetic mean of the positive values of 
the radii R and R9 is .1822 1 and çhaç of the radii 
R and R ls .24211 . 
The «rithmetic mean of the mean refractive 
indices of the materials of the four convergent 
components is 1.6740 and exceeds that for the 
two divergent components, namely 1.6232, by 
.0508. 
The invention makes lç possible to have larger 
diameters for the various components than is 
required for the axial beam alone, and such 
larger diameters are very valuable in facilitating 
correction for oblique berrations. Thns, in the 
example given above the effective diameters of 
the lndividual surfaces may conveniently be .32 1 
for R and P, .28 1  for R, .2 1  for the chamfer 
of R, .24 1  for P, .19 F for the chamfers of P 
and 1%7, .24 1  for R, .18 1  for the chamfer of 
P, .26 1  for Ro, and :28 1  for R and 
The insertion of equals (=) igns in the radius 
column of the table, in company with plus (÷) 
and minus (--) signs which indicate whether the 
surface is convex or concave to the front, ls for 
conformity with the Patent Office custom, and 
It ls to be understood that these signs are not to 
be interpreted wholly in their mathematical sig- 
niflcance. This stgn convention agrees with the 
mthematical sign convention required for the 
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computation of some of the aberrations including 
the primary aberrations, but dlfferent mathe- 
matical sign conventions are requlred for other 
purpoes including computation of some of the 
5 secondary aberrations, so that a radius indicated 
for example as positive in the tables may bave to 
be treated as negative for some calculations as is 
well understood in the art. 
What I claire as my invention and desire to 
10 secure by Letters Patent ls: 
1. An optical objective, corrected for spherical 
and chromatic aberrations, coma, astigmatism, 
fleld curvature and distortion, to cover a semi- 
angular fleld hot greater than 30 degrees, and 
15 comprising six simple components axially alined 
and air spaced apart, a diaphragm approximately 
in the middle of the objective having three of 
such components in either side thereof, the two 
outermost and the two innermost of such com- 
20 ponents being convergent whilst the other two 
are divergent, the outer surfaces of the outer 
components and the inner surfaces of the diver- 
gent components and the surfaces of the lnner 
components all being concave towards the dia- 
25 phragm, the sure of the equlvalent focal lengths 
of the two convergent inner components lying 
between 1.8 1 and 2.6 1, where 1 is the equiva- 
lent focal length of the whole objective, the 
arithmetic mean between the positive values of 
30 the radii of curvature of the outer surfaces of 
such inner components lying between .22 1 and 
.44 F, the Petzval curvature as determined from 
the expression ..(N--N)/N'.N.R having a value 
lying between .08/1 and .16/1 where the symbol 
35  indicates the sure of the values of the expres- 
sion following it for ail the surfaces of the objec- 
tive, R being the radius of curvature of the sur- 
face and N and N being the mean refractive 
indices of the materials respectively behind and 
40 in front of the surface. 
2. An optical objective as claimed in claire 1, 
in which the arithmetic mean of the axial dis- 
tances between the outer surfaces of the conver- 
gent outer components and the inner surfaces of 
45 the adjacent divergent components lies between 
.08 I and .171 . 
3. An optical objective as claimed in claire 2, 
in which the arithmetic mean of the axial air 
separations between the divergent components 
50 and the convergent inner components and the 
arithmetic mean of the axial air separations 
between the divergent components and the con- 
vergent outer components each lie between .01 1  
and .1 1 . 
55 4. An optical objective as claimed in claire 1, 
in which the arithmetic mean of the axial air 
separations between the divergent components 
.and the convergent inner components and the 
arithmetic mean of the axial air separations be- 
60 tween the divergent components and the con- 
vergent outer components each lie between .01 F 
and .1 1 . 
5. An optical objective as clai'med in claire 1, 
in which the arithmetic mean of the positive 
65 values of the radii of curvature of the inner sur- 
faces of the divergent comPonents lies between 
.11 1  and .25 1 . 
6. An optical objective as claimed in claire 1, 
in which the outer surfaces of the divergent com- 
70 Ponents are concave towards the diaphragm, the 
radii of curvature of such surfaces respectively 
lying between 1/3 and 5 F in the front half and 
between 1/2 and  in the rear half of the objec- 
tive. 
7 7. An optical objective as claimed in claire 1, 
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in which the outer surfaces of the divergent com- 
ponents are concave towards the diaphragm, the 
radii of curvature of such surfaces respectively 
lying between F/3 and 5 F in the front hall and 
between F/2 and  in the rear hall of the objec- 
tive, the arithmetic mean of the positive values 
of the radii of curvature of the inner surfaces of 
the divergent components lying between .11 F 
and .25 F. 
8. An optical objective as claimed in claire 1, 
in which the arithmetic mean of the positive 
values of th radii of curvature of the two outer- 
most surfaces of the objective lies between .18 F 
and .3 F. 
9. An optical objective as claimed in claire 1, 
in which the inner surfaces of the outer compo- 
nents are concave towards the diaphragm and 
their radii of curvature lie respectively between 
F/3 and 5 F in the front hall and between F/2 
and  in thi rear hall. 
10. An optical objective as claimed in claire 1, 
in which the inner surfaces of the outer compo- 
nents are concave towards the diaphragm and 
their radii of curvature lie respectively between 
F/3 and 5 F in the front hall and between F/2 
and = in the rear hall, the arithmetic mean of 
the positive values of the radii of curvature of the 
two outermost surfaces of the objective lying 
between .18 F and .3 F. 
11. An optical objective as claimed in claire 1, 
in which the arithmetic mean of the positive 
values of the radii of curvature of the inner sur- 
faces of the divergent components lies between 
.11 F and .25 F, and that of the outer surfaces of 
the convergent outer components lies between .18 
F and .35 F. 
12. An optical objective as claimed in claire 1, 
in which the outer surfaces of the divergent com- 
ponents and the inner surfaces of the convergent 
outer components are concave towards the dia- 
phragm, the radii of curvature of such Surfaces 
lying between F/3 and 5 F in the front hall and 
between F/2 and  in the rear hall of the objec- 
tive. 
13. An optical objective, corrected for spheri- 
cal and chromatic aberrations, coma, astigma- 
tism, field curvature and distortion, to cover a 
semi-angular fleld not greater than 30 degrees, 
and comprising six simple components axially 
alined and air spaced apart, .a diph_r.ag_m_...ap- 
roximately in the middle of the objective h- 
ing three of such omponents on either side 
thereof, the two outermost and the two inner- 
most of such components being convergent 
whilst the other two are divergent, the outer sur- 
faces of the outer components and the inner 
surfaces of the divergent components and the 
surfaces of the inner components all being con- 
cave towards the diaphragm, the sure of the 
equivalent focal lengths of the two convergent 
inner components lying between 1.8 F and 2.6 F, 
where F is the equivalent focal length of the 
whole objective, the arithmetic mean between 
the positive values of the radfi of curvature of 
the outer surfaces of such. inner components 
lying between .22 F and .44 F, the Petzval cur- 
rature as determtned from the expression 
:(/Vl--N)/N1.NJ having a value lying between 
.08/F and .16/F where the symbol : indicates 
the sum of the values of the expression follow- 
tng iL for all the surfaces of the objective, R be- 
tng the radius of curvature of the surface and 
N and N being the mean refractive indices of 
thc matertals respectlvely behind and in front 
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of the surfaces, the materials of the components 
of the objective being such tha the arithmetic 
mean of the mean refractive indices of the ma- 
terials of the four convergent components ex- 
5 ceeds the arithmetic mean of the mean refrac- 
tire indices of the materials of the two divergent 
components by less than .10. 
14. An optical objective as claimed in claire 
13, in which the arithmetic mean of the axial 
distances between the outer surfaces of the con- 
vergent outer components and the inner sur- 
faces of the adjacent divergent components lies 
between .08 F and .17 F. 
15. An optical objective as claimed in claire 
13, in which the arithmetic mean of the axial 
air separations between the divergent compo- 
nents and the convergent inner components and 
the arithmetic mean of the axial air separations 
between the divergent components and the con- 
vergent outer components each lie between .01 F 
and .1 F. 
16. An optical objective as claimed in claim 
13, in which the outer surfaces of the divergent 
components are concave towards the diaphragm, 
the radii of curvature of such surfaces respec- 
tively lying between F/3 and 5 F in the front 
hall and between F/2 and  in the rear hall 
of the objective, the arithmetic mean of the posi- 
tive values of the radii of curvature of the inner 
surfaces of the divergent components lying be- 
tween .11 F and .25 F. 
Y/. An optical objective as claimed in claire 
13, in which the inner surfaces of the outer 
components are concave towards the diaphragm 
and their radii of curvature lie respectively be- 
tween F/3 and 5 F in the front hall and between 
F/2 and  in the rear hall, the arithmetic mean 
of the positive values of the radii of curvature 
of the two outermost surfaces of the objective 
lying between .18 F and .3 F. 
18. An optical objective as claimed in claire 
13, in which the arithmetic mean of the positive 
values of the radii of curvature of the inner sur- 
faces of the divergent components lies between 
45 .11 F and .25 F, and that of the outer surfaces 
of the convergent outer components lies between 
.18 F and .35 F. 
19. An optical objective as claimed in claire 13, 
in which the outer surfaces of the divergent 
5o components and the inner surfaces of the con- 
vergent outer components are concave towards 
the diaphragm, the radii of curvature of such 
surfaces lying between F/3 and 5 F in the front 
hall and between F/2 and  in the rear hall of 
55 the objective. 
GORDON HENRY COOK. 
REFERENCES CITED 
The following references are of record in the 
60 file of this .ptent: 
UNITED STATES PATENTS 

l0 

15 

2O 

3O 

35 

4O 

65 

7O 

Number 
2,031fl92 
2,116,264 
2,325,2/5 

Number 
3,398 
168,923 
420,825 
2,32 
487,453 

Naine Date 
Richter ............ Feb. 25, 1936 
Hasselkus ef al ....... May 3, 1938 
Rayton ............ July 2/, 1943 
FOREIGN PATENTS 
Country Date 
Great Britain ........... of 1905 
Great Britain ..... Sept. 12, 1921 
Germany ........ _ Oct. 31, 1925 
France ............ Aug. 13, 1934 
Grea Britain ...... June 21, 1933 



